Although photoreactivation from certain irradiation damage is well established (Jagger, 1958) , few reports have appeared on photoprotection. Weatherwax (1956) found evidence of photoprotection against ultraviolet damage in Escherichia coli strain B. Giese et al. (1954) reported photoprotection against ultraviolet damage in Colpidium colpoda when daylight was used as the protecting light. However, they found no such effect using blue light (Giese et al., 1952) . Working with induction of prophage development in Staphylococcus aureus, Cantelmo (1951) reported a photoprotective effect. However, this interpretation of results has been questioned by Dulbecco and Weigle (1952) , and by Jagger (1958) . To our knowledge, no report has been made on photoprotection against X-ray damage.
MATERIALS AND METHODS
The organism used in these studies was Nocardia corallina strain ATCC 4273 which was grown on nutrient agar containing 1 % fructose and incubated at 29 C. The source of visible light was either a daylight fluorescent tube, an incandescent lamp, or a photoflood lamp, dedepending on the experiment. All sources were found to work equally well. X irradiation of single cell suspensions in physiological saline was done with a Machlett OEG-60 tube operating normally at 55 kv and 50 ma with no added filtration. The X-ray dose was changed as required by adjusting either the ma or the target distance. The dose was measured with a Victoreen model 510 Roentgen Ratemeter. The irradiation technique previously described by Clark and WVebb (1957) Cell suspensions of N. corallina were made in sterile physiological saline and irradiated with visible light for 15 min at an intensity of 1 ,000 fc. The suspensions were then immediately moved to the X-ray source and the dose-survivor effect determined. The X-ray dose-survivor response was also determined on similar cell suspensions which had not been subjected to visible light. The visibly irradiated cells were found to be significantly more resistant to the lethal action of X irradiation than the cells that were not previously irradiated with visible light (Fig. 1) .
Experiments to determine the dose of visible irradiation which would give the maximal amount of photoprotection did not yield clear results. A time or intensity that could be considered as optimum was not found, so 15 min irradiation at 1,000 fc was arbitrarily used in all subsequent experiments.
The dose-rate of X irradiation was found to be important. No photoprotective effect was found at dose-rates of 1,000 r/min or higher. As the dose-rate was decreased, the photoprotective effect increased, and the maximal effect was found at a dose-rate range of between 200 to 300 r/min. Dose rates below 200 r/min were not found to be practical since the killing rate at such levels was too low to allow precise dose-survival determinations. The reason for this dose-rate effect is unknown.
The culture of N. corallina used in these experiments has been found to be sensitive to visible light. Frequently as much as 30% of the population is inactivated by exposure to visible light for 15 min at 1,000 fc intensity. Since cells normally resistant to X irradiation are found in the parent culture (Clark and Frady, 1959) , the possibility existed that visible irradiation was creating a selective action for the X-irradiation resistant cells. To test for such a possibility, decay experiments were run to determine how long it took a culture to lose the induced resist-524 ance after visible light irradiation. Immediately after visible irradiation, samples of the saline cell suspension were stored at 4 C, and the X-ray dose-survivor response was determined on the stored cells at intervals up to 10 hr. On repeated experiments, it was found that the acquired resistance was lost after 3 to 5 hr from tie time of visible irradiation. The results of a typical experiment are given in Table 1 . The X-ray dosesurvivor response of the nonphotoprotected cells (which were stored under comparable conditions as the photoprotected cells) are not comparable at the different time intervals, since it has been found that the physiological state of the cell changes on aging, even in saline and at lowered temperatures, and thus the radiation response would differ for each batch of cells of different ages.
If the X-ray resistance was due to selection for a normally occurring radiation resistant cell, it would take considerably longer than 3 to 5 hr for the resistance to be lost. It has been found in previous work in this laboratory that normal reversion from resistance to the parent state occurs through heterocaryon formation, gene recombination, and possibly selection. The complete reversion takes several days at suitable growth temperature (29 C) when the cells are placed in a substrate suitable for growth. Cells stored at 4 C in nutrient broth have been found to revert after several weeks, and since, in this case, the cells were suspended in saline rather than in a nutrient substrate, it would be expected that the reversion would occur at even a slower rate. Since complete loss of visible-induced resistance always occurred between 3 and 5 hr, it was concluded that the results found actually represented some type of photoprotection and could not be attributed to selection. The change in the kinetics of inactivation found after the visible light treated cells were allowed to stand cannot be explained at this time.
The question arises as to whether or not photoprotected cells which have been allowed to stand for 3 to 5 hr can again be photoprotected, and if so, is the second photoprotection also subject to decav? To determine this point, cells were photoprotected by exposure to visible light for 15 min at 1,000 fc. A sample of the photoprotected cells and a sample of nonphotoprotected cells were used to determine the X-ray dose-survivor response, using X rays at a dose of 250 r/min. Samples of each cell batch were also stored at 4 C for 3 hr and the X-ray dose-survivor response again determined. It was found that the photoprotection afforded by the visible irradiation had decayed to almost the same level as displayed by the nonphotoprotected cells. A sample of the decayed cells was again photoprotected by visible light irradiation for 15 min at 1,000 fc and the X-ray dose-survivor response again determined. The cells were again photoprotected, and after 3 hr additional standing at 4 C, the rephotoprotected cells were found to have reverted to approximately the normal response as compared with nonphotoprotected cells which had been subjected to the same storage procedures. It can be concluded that photoprotection induces transitory resistance in the cells which decays on standing, leaving the cells in the original condition.
The mechanism involved in the photoprotection phenomenon is still unknown.
SUMMARY
Visible light irradiation of Nocardia corallina was found to render the culture more resistant to subsequent X irradiation. The dose rate of X irradiation was found to be significant in displaying this effect. If the X irradiation was delayed for more than 5 hr after the visible light irradiation, the resistance was lost. This rapid decay eliminated the possibility of the results being due to a selective action for normally occurring resistant cells, since revision to the resistance of the parent culture has been found to occur at a much slower rate. The results appear to be attributable only to a photoprotective action.
